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INTRODUCTION
It has been generally recognized that the surface phenomena of
the solid particles such as shrinking and swelling, water - holding
capacity , water' movement , and cation exchange are important in under -

standing the physical properties of the soil.

Clay is the most preva -

lent material in the colloidal fraction of many soils.

Because of the

complex nature of the surface of clays and the small size of the particles, the direct study of surface phenomena is difficult .

Thermo -

dynamic functions change in accordance with changes and organization
within the system.

Thus , an examination of the thermodynamics of

surface phenomena provides some understanding of the reactions .

Chemicals are being used in increasing amounts for fertilization

of crops and control of agricultural pests as well as for industrial
and household uses.

These materials sooner or later come in contact

with the soil and react with it .

The nature of these reactions with

the soil is not understood , but there is almost certain to be a sur face reaction in many cases .

It is , therefore, obvious that one should

look at the changes in thermodynamic functions occurring when these
chemicals are applied to the soil .

One method of studying the thermo-

dynamics is to study the heat of immersion because it is a direct
measurement of energy changes of the colloidal surface caused by the
adsorbed material .

Initial studies have been made with materials that are known to
react strongly with soil.

If the early techniques prove sensitive and

reliable , they may be applied to ot her less active chemicals .

REVIEvl OF LITERATURE

The boundary between two homogeneous phases is regarded as a lami nar film of a characteristic thickness rather than a simple geometrical
plane , upon either side of which extends the homogeneous phases (4).
The material in this surface film shows properties differing from those
of the materials in the adjacent continuous homogeneous phases; hence ,

we will think of this film as a separate phase, just as in bulk the
matter of the " surface phase" may exist in the solid liquid or gaseous
state; i.e., there are various types of interfacial phases (4).
One of the most important characteristics of an interface is that
the concentration of any dissolved component is in general different at
the interface than in either adjacent phase.

In each condensed phase

the molecules are held together by electrical forces (9, 21) .

The

atoms at the· surface of a liquid or solid are subject to unbalanced
forces of at traction normal to the surface; the balance of forces may
be partially restored by the adsorption of liquids , vapors , or dissolved
materials (4 , 9) .
Hhen adsorption of one material on another , such as a vapor on

solid , is a spontaneous process , it is accompanied by a decrease in the
free energy of the system .

The proc ess involves loss of degre e s of

freedom of the vapor i n passing from the free vapor to the adsorbed
film, in which case there may also be a decrease in entropy (4, 9).
Hence , the amount of surface energy may gener ally be consid ered to
decrease as the thickness of the surface film increases and vice versa
( 9) .

Clay particles , due to their colloidal prop erties, show a large
amount of surface per unit mass and as the surface area of the particles
increases , the surface energy also increases (1, 2).

Once this surface

is somehow decreased, the surface energy and other physical properties
of soil are also decreased (1, 5, 6).
In ion exchanges such as clays and other soil colloids , the particles
of solid are very small and have a correspondingly large external surface
(6),

The ion exchange takes place to a great extent at this external

surface , and the exchangeable cations are held in part as a diffuse
double layer shading off gradually into the solution (5, 6) .

The ions

keep their electric charges when they enter the exchanger; no covalent
bonds are made or broken and the heat of react ion is very small (6).
The exchanger is merely a negative charged matrix fer its associated
cations, and so the different types of exchanger , organic and inorganic ,

all obey similar distribution laws (6).

However, exchangers such as

the clays as opposed to some organic materials containing a considerable

proportion of the cations in a diffuse double layer of non-uniform
ele ctrical potential at the outside surface of the exchanger (5, 6) .
The exchange capacity of colloidal clays is dependent upon the
chemical and mineralogical composition of the colloid .

The montmoril -

lonitic groups of min era ls have the highest exchange capacity and the
kaolinitic groups the lowest (21) .

The affinity of a cation for the

exchange position on the clay increases with increasing valence (6) .
Thus , the valence and hydration of the ion are dominant factors in
determining the energy of adsorption and release (21) .

Weakly hydrated

ions are held more tightly than those cont aining a large water hull ,
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and divalent ions are adsorbed more strongly than monovalent ions
(2 , 6, 21).
follows:

Therefore , the order of adsorption of cations is as

monovalent

>

divalent

>

trivalent cations (6).

For cations

of the same valence , the adsorption affinity increases with decreasing

hydrated ionic radius , or , with what amounts to the same thing,
increasing tendency to produce a basic reaction in suppressions (6).
The greater the affinity with which a cation is held by the exchanger ,
the more difficult it is to elute it by any other cation ( 2 , 21).

Thus ,

it is concluded that the nature of the clay minerals, as well as the
valence and hydration of the ion , determines the energy with which a
given ion is adsorbed on a colloidal. clay surface (21).
The purpose of this study is to report the results of experiments
designated to measure the effect of hexadecanol and VAMA on the thermo dynamic properties of water adsorbed on soil materials; thus, it seems
necessary to point out briefly the significance of these chemicals in

agriculture.
Hexadecanol has been used effectively to reduce evaporation of
water from free waLer surfaces such as lakes and reservoirs (3 , 19) ,

but the possibility of using this material to reduce water losses from
soil has received little attention.

Wooley (33) reported reduced evapo-

ration of water from sand treated with hexadecanol , but he observed
no similar effect on evaporation of water from soil during a two hour
interval .

Lemon (18) has noted that he xadecanol slows the rate of

capillar y rise of water in sand-clay mixt ures .
There are at least two reaction mechanisms by which hexadecanol
might reduce evaporation of water from soil .

Hexadecanol may act in a

manner similar to its effect on a free water surface .

A second mecha -

nism might be that of changing the soil properties that influence the
capillary rise of water .

Generally , chemical additives that stabilize

soil aggregates such as VAMA, or that cause a rapid drying of the soil
surface , may cause a decrease in evaporation of water from the soil
(10 , 18).

Heats of immersion of the clay minerals for the purpose of charac terizing their surface properties have been measured by many investi -

gators (7, 13, 20 , 23 , 24, 34) .

Although considerable supplementary

work remains to be done in the field of soil and clay chemistry before
the full potential value of the heat of immersion measurement can be
realized , it is even now of considerably more utility than simply a

means of characterization.

By performing the proper simple auxiliary

experiments, the data obtained can be used to give (9):
1.

The energy r e quired to separate a solid from a liquid (energy

of adhesion).
2.

The integral and differential heats of adsorption.

3.

The decrease in total surface energy caused by the adsorption

of a vapor or liquid on the surface of the solid.
4.

The free energy change at any temperature when it is known

at another temperature.
For example, Hawkins and Jura (8) showed how surface areas of
powders may be obtained from heats of immersion, subject to limitations

of certain idealizing assumptions.

Also, the high temperature adsorption

theory (32) provides several mechods for estimating surface areas of
solids.

These have the advantage over such methods as B. E.T. of

providing of unambiguous values which are independent of any estimate

of absorbent cross sections.

Jurinak and Inouye (15) used flow

techniques for the measurement of vapor pressure adsorption and surface area of soils.

In this limited study it was shown that for a

mineral soil methyl alcohol adsorption was linearly related to
ethylene glycole retention, and hence methyl alcohol adsorption could
be used as an index for total surface area of soils .
More specifically, Zettlemoyer and co-workers (34) obtained estimates of the differential heat of adsorption of water on Wyoming bentonite from heat of immersion data in conjunction with adsorption

isotherms.

More recently, several

~<orkers

(30) measured the heat of

immersion as a function of coverage with preadsorbed water for alumina

samples with the widely differing specific surface areas.

from these

heat of immersion curves, the differential heat of adsorption relative
to the liquid state were obtained by graphic differentiaation.

Differ-

ential heat of adsorption has been determined from measurement of the

heat of immersion of alumina (Al 203 ) powders pre-equilibrated with
various amounts of water vapor .

The data are interpreted to show that

there is a wide distribution of adsorption which occurs during formation of the first monolayer.

The energy of adsorption in the second

layer is not zero and differs significantly for the three samples .
The utilization of heats of immersion for such properties is usually
limited by the accuracy of the measurements of different water contents.
If the heat of immersion initial water content relationship is not
closely establish ed , the more subtle details of the clay water inter act ion ar·e

obscured~

Taylor and Kijne (28) studied the temperature dependence of soil
water vapor pressure witha psychrometric vapor pre ssure technique in the

range of 0 . 96 to 1.00 relative vapor pressures and below 0.96 with
gravimetric and calorimetric heat of immersion techniques.

For Millville

stil loam at constant water content , the relative vapor pressure de-

creases with increasing temperature.
entropy values were calculated .

Both differential and integral

The difference between the partial

molar entropy of pure free water vapor and the partial molar entropy
of adsorbed water led to the conclusion that soil water molecules are
arranged , on the average, less randomly than water vapor molecules.
At the same time, the comparison with the entropy of vapor ization of
pure water suggested a more random arrangement of molecules in soil

water than in free liquid water.
Another study was made by W. H. Slabaugh (23) for the purpose of
providing more information concerning the interactions among clay
surfaces , water, amines , and amine salts.

He found the d i ffer e nces

in the heat of immersion of the clay surfaces and the hydration of the
ion in the base exchange position .

In a raw clay, which contains

similar amounts of sodium, calcium and magnesium ions , along with 12

percent non-clay impurities (quartz, cristobalite and feldspar), there
is less heat evolved because the non-clay materials and the larger
particles that are removed in the centrifuge samples have lower heats
of immersion.

The heats of immersion are higher for divalent ions;

they increase in the order Na > H > Ca , an order in agreement with
measurements on Kavlimities by Siefert and others.

Bentonite saturated with hydrogen and calcium by repeated floccu lating in dilute hydrogen chloride and calcium chloride solutions was
treated with several organic compounds (28).

The compounds used were

isopropyl acetate , amylbutyrate, 4-methy l - 2- pentanane, methyl benzoate ,
etiyl benzoate , and ethyl-methyl ketone .

The calorimetric heat of

wecting of these treated samples was determined .
An examination of the data for the heat of immersion of the organo nontmorillonite complexes yielded the following results .
l.

All five organic compounds caused a decrease in heat of

vetting .
2.

The heats of wetting were decreased most in the case of adsorp -

ticn of the benzoates and least in the case of methyl - ethyl ketone .
3.

The

hea~of

wetting for pure Ca and H bentonite reported are

cf the same magnitude as those reported by Slabaugh for raw bentonites.
Holmes and Secay (12) measured the heat of immersion in water at
25° for four samples of thorium oxide whose specific surface areas

r1nged from 2 . 2 to 14 . 7 m2/gram .

Pretreatment consisted of vacuum

o1tgassing for24 hours at temperatures ranging from 100 to 500° .
w~re

reproducibly dependent on the sample and outgassing temperature

i1volved with the measurement .

1_20 ergs/cm 2 were found .
01

Results

Heats of immersion varying from 430 to

Large heats of immersion and their dependence

outgassing temperatures are attributed to chemisorption of water on

tle thorium oxide surface with net heat of adsorption as large as
2~

KCl/mole .
The value obtained for the heat of immersion is highly sensitive

t< a number of factors:
1.

Temperature which has also an effect on the thermodynamic

r<lations of soi l water (1 7 , 25, 26 , 31).
cmtrolled in the laboratory ( 27) .

Temperature may be easily

2.

Impurities in the liquid or on the solid.

3.

Degree of solubility of the solid in the liquid .
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EXPERIMENTAL PROCEDURE
To study the influence of adsorbed material on the surface functions
of soil water, one hundred grams of Millville silt loam was treated with
one gram of hexadecanol.

Another hundred grams of soil was treated with

two grams of VAMA .
The samples were thoroughly mixed , then wetted with dis tilled water
and let stand for twelve hours , then the samples were shaken occasionally
during the next 48 hours.

The soil was then dr•ied to constant weight

in a vacuum oven at 58 - 60° C.

The treated soils were divided into

12 sample cans; one-half of them were moistened to saturation with distilled water, then one wet and one dry sample were placed in desiccators
held at various water vapor pressures.

The desiccators and samples are

stored in the dark at constant temperature of 20° C.

The relative

water vapor pressure in the desiccator was held constant by using

chemicals as indicated below:

Material

% Relative humidity

NH 4Cl (sat. sol .)

79 . 5

H2S04 solutions at 1 . 5 gr/cm3 density

18.8

KBr (sat. sol. )

84

CaCl2 ,

6

H2o (sat. sol. )

31

Ca(N0 3 ) 2 , 4 H20 (sat . sol.)

51

Na2(S0 4 ) , 10 H20 (sat. sol . )

93

After a period of 5 to 6 months reaching vapor equi l ibrium , a
given portion (1 - 3 grams) was sealed in a glass bulb blown at the end

ll

of a short piece of 8 mm glass tubing.

The sample in its container

was placed in a sensitive calorimeter (shown schematically in Figure 1),
brought to temperature equilibrium, and then broken.

The temperature

rise of the instrument was precisely measured with a 100,000 Q thermistor in a Wheatstone bridge circuit and recorded on a Bristol recorder.
The calorimeter was calibrated after each measurement by putting a
measured amount of current at a known constant voltage through an

immersed heater for a period of thirty seconds and observing the deflection on the recorder.

The resistance of the calibration heater and

voltage were chosen such that the amount of heat liberated in thirty
seconds produced about the same deflection on the recorder that occurred
when the untreated soil, which gave the highest heat of wetting , was
immersed in the distilled water.
The calorimeter containing the soil was immersed in a large constant temperature water bath .

Temperature equilibrium inside the

calorimeter was reached in about 3 hours, at which time the tempera-

ture of the water inside the calorimeter changed less than ! 0 . 001° C
in 15 minutes, which is about the time necessary for one measurement
and accompanying calibration run .

The heat evolved by breaking an empty bulb was found to be
negligibly small so no correction for heat of breaking of the bulb
was necessary .

With this proc edure, heats of wetting were measured

with a precision of ! 0 . 01 calories per gram of soil.
The calorimeters used in the procedure just described were modi fications of those described by Pierce (22) and Kij ne (16).
calorimeter (Figure

l)

The

consisted of a wide mouth 500 ml silvered

Dewar flask , a stirrer , a resistance heater, and connecting leads ,
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stirrer rod , 6. thermistor , 7 . calibration heater ; 8 . bulb
support , 9 . sample bulb , 10 . rubber seal , and 11 . stirrer
for inner bath .
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devices for holding and subsequently breaking the glass sample vials,
and a thermistor for detecting the temperature of the calorimeter
contents .

A vapor proof cover made of flexiglas was provided to

prevent evaporation of water.

The stirrer consisted of a three blade

propellar connected to a fiberglas stirring shaft , which in turn ,
passed through a copper stirring tube supported from the calorimeter
cover by means of the two brass rods shown (Figure 1) .

The stirring

tube was fastened to the rods to be employed as electrical leads to
the resistance heater.

A stirrer shaft was brought into the calori-

meter through a bearing assembly and coupled directly to a constant
spe ed motor by means of a short length of thick walled, rubber tubing.
The stirring motor was mounted outside the thermostated enclosure

provided to house the calorimeter.
A clamping device for securing the glass sample vial was attached
to the brass rod, as shown in Figure l.

Another rod brought into

the calorimeter through a screw was positioned so that the sample vial
could be broken quickly without danger to calorimeter vessel.
The resistance heater was constructed by wrapping a length of
bare nichrome wire having a resistance of about 8 ohms to the brass

rods referred to above .

The heating circuit is shown in Figure 2.

The heat energy is calculated as follows:
The current through the ammeter

= Il.

The current through the white resistor
The current through the heater coil

I2.

= Ir = Il +

I2
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+

1l r-----~2~·~7_v_o~l~t~s~-----------.

White resistor
1----------------~!v\r~--------~

Milli - Ammeter

Brown resistor
"

Brown resistor
46 . 455 Q
Ammeter internal resistance
White resistor - 2 . 762 R
RH = heater resistance
Calorimeter #1 RH
6.853 R
Calorimeter #2 RH = 7 . 935 R

Figure 2 .

Il

3 . 863

Q

Circuit diagram for heater circuit in heat of we tting calor i meters .
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where R1

resistance of brown resistor and internal resistance of

ammeter, and R2 = resistance of white resistor .

(46.45 + 3 . 863) + 2.762
2.762
IT
.

.

19 . 216

I 1 (19.216)
2

power diss1pated in heater co11 = ITRH.

Heat = power times time

(I¥RH)(time in sec . )= Watt sec. =joules ; 4 . 18 joules/calorie .

Heat

in calories

(t is time flowing in seconds) .

(H)

This will correspond to a deflection "a " on the recorder.

To calculate

the heat from wetting of soil, ha , use the relation
h

a

=

(H)(b)

a

where b is the recorder deflection when the soil was immersed .

Once

the heat of wetting is known, we may apply the proper equation which
is discussed in theory to calculate entropy and enthalpy from integral
heat of wetting .
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THEORY
If we consider a system that consists of two components (water
and solid soil) distributed in two bulk phases with a surface phase
(6) and suppose the adsorbent surface is inert and rigid , the internal energy of the adsorbate (adsorbed water molecules) Es can be
considered as a single valued function of independent variable entropy
S5

,

volume V5 , surface of adsorbent a, and the number of molecules of

adsorbate Ns.

If the adsorbent surface is not inert, then the terms

Ss , Vs , and a would not be uniquely attributable to the adsorbed water
but wou ld include some i nfluence of the perturbations of the surface.

Although there is some evidence (21) that some adsorbent surfaces are
not inert , we are unable at the present time to account for them in
soil systems , so we proceed as if they were truly inert to see if the

results of the preliminary studies offer any interesting possibilities
for further study.

further, if composition variables are constant

except adsorbate Ns , then (11)
[1]

where T
Small s denotes adsorbed phase .
Helmholtz free energy , As, of adsorbed water is
[2]

Differ·entiating equaTion [2]

Then introducing equation [1]

[3]

Gibbs free energy is defined by

[4]

If the system is under constant temperature and constant pressure
(total pressure) and in addition , suppose the unit surface energy
and the chemical potential of adsorbed water

~s

are also constant.

Then, by integrating equation [1] and keeping the intensive properties
constant, we find that

[5]

or
Gs

= As + PV 8 +

~a

+ constant

[6]

Differentiating equation [6] gives

and by considering equation [3]
[7]

Different iating [4] we get
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[8]

By comparing [7] and [8]

[9]
at constant temperature and pressure .

ad~

and solving for

[10]

d~

[11]

Now integrating [ll]

[12]

since surface area is proportional to the mass of the adsorbent (soil).
Then

[13]

where 8 is the water content by dry weight basis .

If the preadsorbed

adsorbate is in equilibrium with water vapor and we treat the water

vapor as an ideal gas, then

~ =

KT

~~

Sd

ln p

[14]

where ~ is the surface potential per molecule of adsorbate when it is
in equilibrium with the water vapor p , and K is Boltzman ' s constant.
If we change q, into molar quantity ,
~mole

RT j P Sd
0

ln p

[ 15]
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where R = NK , N is Avagadro number, and K is Boltzman constant .

The relations between heat of wetting and surface properties of
water have been derived by Kijne (16) and Jura (14)
[16 ]

[17]
where ~ and ~ are the entropy and enthalpy of adsorbed water, Sw
and Hw are the entropy and enthalpy of pure water , haw is the heat of
1;etting of the sample with pre - adsorbed water , and hao is the heat of
wetting of the sample dried over P2o5 in a vacuum ,

4>

is the dry weight

fraction of 1-1ater in the soil, and R is the ga s constant , T absolute
temperature , p vapor pressure of the system , and p 0 is the vapor
pressure of the pure free water .

finding

4>

from equation [15 ] and substituting in equations [ 16]

and [17], one can calculate the entropy and enthalpy of adsorbed
wat er from integral heat of wetting .
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RESULTS AND DISCUSSION
Averages of the data from the heats of immersion are shown in
Table 1; each figure is a statistical mean of 3 to 6 reported deter minations; the original data are given in Appendix A.

The heat of

immersion values for each treatment are decreased as the relative
vapor pressure increased as expected, except for the value of wet
soil with the lowest relative vapor pressure which is not in agree-

ment with the theory or rest of data .

There seems to be no rational

explanation for this unusual result ; hence, it must be attributed to

error somewhere throughout the experiment .

The rest of the data fit

a rational pattern; hence, we neglect this anomalous value throughout
our f urther discussion .
In general , the decrease of heat of immersion with relative

vapor pressure is shown in Figure 3 .

If the surfa ce area of the air

water interface does not change with addition of water , then the
energy of the surface is directly related to the heat of immersion
and the results found here confirm the theory which predicts that
the energy of adsorption is decreased as the amount of pre-a ds orbed
water is increased .

The heat of immersion is presented in Figure 3 as plots of 6h
in cal/gram versus p/p 0 where 6h
[17]) .

= haw - hao (see e quations [16] and

In every case the wetting relation applied to ini t ially dry

samples shows higher heat of immersion than the related drying relation
for initially wet samples.

In other words , t he heat of immersion of

21

Table 1.

The heats of immersion of Millville loam samples with differ ent treatments at different va lues of relative vapor
pressure

Dry he x .

p/po
18 . 8%

Wet hex.

Dry VAMA

Wet VAMA

Dry soil

Wet soil

0.54

0 . 42

0 . 58

0 . 38

0 . 48

0 . 26

31

%

0 . 41

0 . 38

0 . 42

0 . 37

0.44

0.35

51

%

0 . 34

0 . 33

0 . 38

0.31

0 . 42

0 . 29

73 . 5%

0 . 24

0 . 19

0.21

0.20

0 . 23

0 . 20

84

%

0 . 22

0 . 17

0 . 20

0 .1 7

0 . 20

0 . 16

93

%

0 . 21

0.13

0 . 19

0 . 15

0 .17

0 .11
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Figure 3.

Significance of simple effects of initial soil
moisture versus three different treatments .
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the desorption are lower than those obtained from the adsorption sample
at equal relative vapor pressures.

This indicates that the heat of

immersion and because of eq. [16] the surface entropy for dry samples
in all cases are higher than that of wet samples and because of eq.
[17] the surface heat content is higher for initially dry than wet
samples .

This reflects the irreversible adsorption which would pre -

vent the closing of the hysteresis loop for the adsorption isotherm.
Statistical analysis shown in Table 2 .leads to the conclusion
that the difference among treatments is not significant , which indicates that the heat of immersion and related thermodynamic variables
are not significantly changed with pre-treating the soil with hexa-

decanol and VAMA.

The highly significant difference between dry

samples and wet samples is related to hysteresis as discussed above.

Also the influence of relative vapor pressures is highly significant
as already mentioned.

However , the significant interactions between

initially dry and wet (A) versus different relative vapor pressures
(C) and also between initially dry and wet samples (A) versus different treatments (B) warrent further consideration .
The actual mean values for dry and wet samples (A) versus dif ferent relative vapor pressure (C) are computed from Table 1 and
tabulated in AC i nteraction table (Table 3 ).

It is apparent that the

significant interaction is related to the anomalous dry point for the
initially wet sample of untreated soil; hence , we discount this inter-

action as beint unint erpretable .

The same procedure has been carried

out for the calculation of actual means for dry and wet samples (A)
versus different treatments (B) and the results are shown in Figure 4.
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Table 2.

Treatment

Statistical analysis of the heats of immersion data

F

Initially
moisture

M. S.T
M.S.£

mean square of treatment
mean square of error

M. S . A
0 . 20057
3 . 94
M.S.E = 0 . 00041 = 510 1-118

A

M. S. s _ 0 . 0075

Treatment
B

83 2 -118
M.S . E - 0 .00041 - 1.

Vapor

M. S.c

Pressure

M.S . E

c

2 . 30
850.5 5-118

M.S:E M.S.AC

0.01808 _

....

_2 . 3 0 ;,-,

M.S.E - 0.00041 - 43 . 8 5 1 1 8

AC

ABC

ns

M.S•AB _ 0.00455 _
~
19 6
0 . 0041 • 2 - 118

AB

BC

0.35165

= o:oOci4T =

3.09

Fsc

M.S . sc _ 0 . 00530 = 1 . 29 2 .51
0. 0041
10- 118

M.S:E -

M. S.ABC = 0 . 00202 = 4 .
83
M.S . ABC
0.0041

ns

10 1 1 8
2~ 51

;,;;, Differences are very highly significant ( 0.1%).
,.,., Differences are highly significant (l%) .
-Differences are significant (5%) .
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Table 3.

p/po

AC interaction table showing the actual mean values to
examine the simple effects of initial soil moisture
upon the heats of immersion (cal per gram) of soil equili brated at different relative pressures

Initially dry

Initially wet

.18

53.3

40

. 31

42 . 3

36.6

.51

38.0

31.0

.73

22.6

19.6

.81

20.6

16 . 3

.93

19.0

13.0
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Dry hex .
- --- . Dry VAMA
----- Dry soil
- o - Wet VAMA
- - • - Wet hex .
- x - wet soil
-o-

100

80

60

40

20

____ L__ ____i __ _ _ _ _ __ _- 4______L_____~-----L----L---L____

188

Figure 4 ,

31

51

73 . 5

84

93

100

The heat of immersion of Millville silt loam samples
with different treatments as a function of relative
vapor pressure .
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Hence the interactions appear to be real and attributable to a lower
heat of immersion for the initially wet untreated soil .

This suggests

that both VAMA and hexadecanol causes water to evaporate more readily
from the soil; hence , water is evaporated more easily.

28

SUMMARY AND CONCLUSIONS

Heats of immersion of the Millville silt loam samples untreated
and with both preadsorbed hexadecanol and VAMA have been measured
as a function of relative vapor p!"essure using a calorimetric tech -

nique.

In order to analyze the data to arrive at differential and

integral entropy and enthalpy values for soil water, detailed adsorption isotherms are needed.

Such isotherms were not measured , so

these analyses could not be complet ed; however, the heat of immersion

data give a general guide to the thermodynamic prop erties.
The following conclusions were drawn from analysis of the data:
1.

Total water potential decreases as the vapor pressure over

which the samples were equilibrated increases as predicted by the
Gibbs equation.
2.

Very slight differences in the heat of immers.ion among dif -

fere nt treatments indicate that the pre-adsorption of these chemicals
on Millville silt loam has no significant effect.
3.

It is fou nd that the heat of immersion for dry samples is

higher than that of wet samples which reflects the irreversible
adsorption and e x istence of hysteresis .
4.

The pretreatment with both VAMA and hexadecanol appears to

facilitate or speed up vaporization of water as indicated by a much
lower heat of immersion on the untreated initially wet sample than on
the untreated initially dry sample .

At the same time , little dif -

ference was found for the treated samples.
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Table 4,

The original heats of immersion of Millv ille silt loam samples
with different treatments at different values of relative
vapor pressure

p/po

Dry hex.

Wet hex .

Dry VAMA

Wet VAMA

18 . 8%

0 . 56
0 . 55
0.55
0 . 52

0 .4 4
0 . 42
0.38
0 . 41
0 . 45

0 . 62
0 . 56
0 . 61
0 . 55

0 . 39
0 . 35
0 38
0 . 41

0 . 50
0 . 46
0 . 49

0 . 29
0 . 23
0 . 26

0 . 43
0.40
0 . 40
0 . 41
0 . 43

0 . 42
0 . 37
0 . 38
0 . 36

0 .4 2
0 . 39
0.45
0 .4 3

0.35
0 37
0.37
0 37
0 . 37
0 . 39

0 .4 3
0 ,l~5
0 . 46
0 . 43
0 . 42

0 . 35
0 . 37
0.36
0 . 33
0 . 35

0 38
0 . 31
0 33
0 . 35

0 . 33
0 . 36
0 . 29
0 . 33

0.40
0 . 36
0.39
0 .3 9
0.35

0 . 29
0 . 39
0 . 30
0 . 28

0 . 40
0 . 40
0.44
0 4l~

0 . 31
0 28
0 30
0 38

73 . 5%

0 . 23
0 . 26
0 . 21
0 . 24

0.1 9
0 . 19
0 . 20
0 . 19

0 . 22
0 . 21
0 . 21
0 . 21

0 . 20
0.19
0 . 21
0 . 18
0 . 20

0.23
0.23
0 . 24
0.23

0.20
0 . 22
0 . 20
0 . 20
0 . 19

84%

0 . 22
0 .1 9
0 . 24
0.20
0 . 24

0 . 16
0 . 18
0 . 17
0 . 17

0 .1 9
0 . 18
0 . 19
0 . 22
0 . 23

0 . 16
0 . 16
0.18
0 . 18

0 . 22
0 . 22
0 . 20
0.19
0 . 18

0 . 15
0 . 18
0 . 16
0 .1 7
0 . 17
0.15

93%

0 . 22
0 . 22
0 . 23
0.20
0 . 20

0 . 14
0 . 13
0 .1 3

0 . 16
0 . 19
0 . 20
0.20

0 .14
0 . 15
0 .14
0 . 15

0 . 19
0 . 15
0 . 17

0 . 11
0 .11
0 .1 0

31%

51%

0

0

0

0

0

Dry soil Wet soil

0

0

0

0

